ABSTRACT
INTRODUCTION
Currently, PRODIST (Procedures for Electric Energy Distribution), standard developed by ANEEL (Brazilian Electricity Regulatory Agency) [1] , reaffirms as a consumer right to request measure of voltage delivered from the utility always any consumer to believe his voltage is not within the legally established limits. PRODIST also defines a periodic program of measurements, which a sample is drawn to calculate voltage indicators. Measurements should have duration of 168 hours and intervals of 10 minutes, totaling 1008 records. Measurements should be made between phases and between phases and neutral. The doctrine of PRODIST about the compliance voltage is based on the comparison between the injury experienced by the customer due to incorrect voltage levels and the cost that the utility faces to reverse these critical voltage levels with improvement works. The PRODIST goal is not to become voltage ideal, but keeps it between a minimum and maximum relative to a reference value. The main challenge of ANEEL, to implement a regulatory approach, is the fact that associated injuries with poor voltage levels affect the client and, therefore, utilities are not motivated to invest in reducing this damage [2] . Thus, PRODIST imposes compensation in the bills of customers when the problems are not repaired in the deadlines set by PRODIST. PRODIST sets limits for voltage steadied levels: "Adequate", "Precarious" and "Critical". These limits are used to define terms and compensation to consumers if the boundaries for adequate services are not reached. According to PRODIST to make the necessary corrections, the utility have a boundary of 30 days after diagnosis of consumer problem to prepare and execute a corrective work. Of course, depending on the corrective work complexity, this period is not enough, resulting in the payment of severance amounts. This paper proposes to use electrical-electronic equipment for automatic voltage regulation in order to consider the voltage problem of consumers and insufficient time to carry out remedial works and to solve both problems. These devices were developed using as a base the prototype presented in [3] -[4], but some changes have been inserted in order to increase their functionality.
DEVELOPED EQUIPMENT
The developed apparatus are two Portable Voltage Regulators for Low Voltage Networks (PVRLVN), which are designed to operate in low voltage networks. The first is three phases of 30 kVA -220/380 V and the second is phase-phase 2-wire 10 kVA -220 V. The main feature of these devices is the portability. They are designed to be fast and effective solutions, but temporary, Stockholm, 10-13 June 2013 
Basic operation
The developed single-phase PVRLVN adjusts the unregulated voltage at its input terminals by adding or subtracting an appropriate amount of voltage. This is done through the secondary of a transformer "BuckBoost" which is installed inside the PVRLVN. Hence, the connected load at its output terminals of PVRLVN receives a voltage within the established range by PRODIST [1] . On the other hand, the operation of three phase PVRLVN is done by phase, in other words, a transformer is used "Buck-Boost" for each phase. 
Operation of Buck-Boost
The transformer "Buck-Boost" of PVRLVN serves to accomplish the task of adding and subtracting controlled amounts of voltage using three "taps" at its primary side. The control schematics and power boards of single-phase and three-phase PVRLVNs can be seen in Fig 3 and Fig 4 respectively. The PVRLVN is designed to be connected to the secondary of the distribution transformer on any threephase or single-phase distribution system. Each secondary winding of the "Buck-Boost" regulates individually each phase of the distribution transformer. The load receives the regulated voltage between phase and neutral. The keys S0, S1, S2 and S3 are composed of two SCRs in anti-parallel (AC_Switch) and its command is done through a driver board with pulse transformers in (Fig. 5) as follows: i. To input voltage 0.96 pu < Vinput < 1.05 pu, the turns ratio is k1 = 1. Here the output voltage is Voutput = k1 x Vinput , operation on the inclined line k1; ii. Operating on the inclination line k1, when income voltage Vinput < 0.96 pu, the output voltage should be taken to 1.02. In this case, the turns ratio between the output and input is ka = 1.063. Here the output voltage is Voutput = ka x Vinput, operation on the inclined line ka; iii. While operating on the inclination line ka, the lower limit of input voltage that corresponds to the lower limit of the output voltage is Vinput_lower_limit_ka = 0.96/ ka, so Vinput_lower_limit_ka = 0.903; iv. Operating on the inclination line ka, when income voltage Vinput < 0.903 pu, the output voltage should be taken to 1.02. In this case, the turns ratio between the output and input is kb = 1.129. Here the output voltage is Voutput = kb x Vinput, operation on the inclined line kb; v. While operating on the inclination line kb, the lower limit of input voltage that corresponds to the lower limit of the output voltage is Vinput_lower_limit_kb = 0.96/ kb, so Vinput_lower_limit_kb = 0.850; vi. Operating on the inclination line kb, when input voltage Vinput < 0.850 pu, the output voltage should be taken to 1.02 pu. In this case, the turns ratio between the output and input is kc = 1.2. Here the output voltage is Voutput = kc x Vinput, operation on the inclined line kc; vii. While operating on the inclination line kc, the lower limit of input voltage that corresponds to the lower limit of the output voltage is Vinput_lower_limit_kc = 0.96/ kc, so Vinput_lower_limit_kc = 0.8; viii. Operating on the inclination line k1, when income voltage Vinput < 1.05 pu, output voltage should be taken to 0.99 pu. In this case, the turns ratio between the output and input is kd = 0.943. Here the output voltage is Voutput = kd x Vinput, operation on the inclined line kd; ix. While operating on the inclination line kd, the higher limit of input voltage that corresponds to the higher limit of the output voltage is Vinput_higher_limit_kd = 1.05/ kd, so Vinput_higher_limit_kd = 1.113; x. Operating on the inclination line kd, when income voltage Vinput > 1.113 pu, output voltage should be taken to 0.99. In this case, the turns ratio between the output and input is ke = 0.889. Here the output voltage is Voutput = ke x Vinput, operation on the inclined line ke; xi. While operating on the inclination line ke, the higher limit of input voltage that corresponds to the higher limit of the output voltage is Vinput_higher_limit_ke = 1.05/ ke, so Vinput_higher_limit_ke = 1.181. 
Communication option and data transmission
Current PVRLVNs have output measurement data, which will allow monitoring via GPRS modem measurements and operating condition of PVRLVN, sending this information to the AES Eletropaulo/AES Sul server. The microcontroller used on the control board is Freescale MC9S08AW60, which has 2 SCIS and 60KB Flash memory, 50KB of which will be available for data storage. Measurement data are sent from the control board PVRLVN to the modem (installed inside the PVRLVN box) via RS232 DB9 serial bus. This modem has a chip that connects to the internet via GPRS (as a 3G modem). Data are sent through this connection to the utility server that receives data from other equipment in the field. Stockholm, 10-13 June 2013 
